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Are fast radio bursts generated by cosmic string cusps?
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We revisit the idea that cosmic strings could source fast radio bursts by taking into account
Lorentz boosts and a weaker assumption about the scaling law for the energy of particle decay. We
show that the distance relation and time scale, for a specific value of the scaling of energy, are still
compatible with observations. However, the event rate predicted by the model is too high when
compared to the data. We additionally show that a more realistic string, with a finite thickness,
further compounds the problem by prohibiting cusp formation and point out how a superconducting
wiggly string could circumvent this issue.
I. INTRODUCTION
Fast radio bursts (FRBs) are millisecond-duration ra-
dio emissions of unknown physical origin (first reported in
[1]; for a review, see [2, 3]). Among the many attempts to
explain FRBs, one hypothesis is of interest in this paper:
cusp decay from cosmic strings as an FRB mechanism.
Electromagnetic signatures from cosmic string cusps at
high-energy regimes have been considered before [4–8].
Recently the idea has been applied to radio frequencies
and their cosmological implications [9–11].
Standard cosmic strings are described by the Nambu-
Goto action and decay primarily through gravitational
radiation [4] (for a review see [12, 13]). It was previ-
ously thought that another signature of cosmic strings
would come from non-negligible electromagnetic radia-
tion emitted by cusps [14] - portions of the string which
double back on themselves - due to its considerable size,
lc ∼ r1/3R2/3, where r is the thickness of the string and
R is the radius of the string loop. Given that cosmic
strings have yet to be observed, and assuming cusp decay
produces radiation across all frequencies, FRBs could, in
principle, provide a possible observational testing ground
for cosmic strings’ signatures, as explored in [11].
There were, however, two assumptions made by the au-
thors in [11] which, if dispensed with, alter their conclu-
sions. The first assumption is that the length of the cusp
region is unaffected by relativity. Specifically, Lorentz
contractions in the rest frame of the string, when taken
into account, give a cusp length estimation significantly
smaller than the one used in [11]. In fact, it was shown
in [15] that the cusp length actually scales as lc ∼
√
rR.
The second assumption is that, when a cusp decays,
the number density of particle emission scales as N(E) ∝
E−3/2. This relation comes from a simply QCD multi-
plicity function [6] and is shown to hold well in high en-
ergy experiments [11]. It is not clear, however, if this
holds all the way down to radio energies. As such, we
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also consider a more general scaling law, N(E) ∝ E−m,
to check whether different values ofm can compensate for
the much smaller size of the cusp length and still favour
the model proposed in [11].
There is a third assumption made in [11] and indeed
in almost all analyses of electromagnetic radiation from
cusps [4–8]; back-reaction when cusps form is nominally
omitted. In Nambu-Goto strings this can be ignored,
since with a zero thickness approximation there is no
back-reaction. However, from simulations we know that
strings in a distribution of string loops form small-scale
structure (commonly called wiggles) [16]. These wiggles
are dynamical fields coupled to the strings, and so affect
the formation of cusps. We show explicitly here that cusp
formation is unnatural when a cosmic string is wiggly.
The paper is divided as follows: in section II, we
present our analysis assuming the different values for the
cusp length and scaling for the energy mentioned above
and check how the distance relation, time scale and emis-
sion rate change. In section III we consider a more realis-
tic string with a finite thickness given by a mass current
and check if cusps can form. We conclude in section IV.
II. CUSP LENGTH WITH LORENTZ
CONTRACTIONS
We start by considering the relativistic effects on the
cusp length and a more general scaling for the energy of
decay particles. The number density of photons from the
cusp region, in the limit E ≪ Ef , is given by
N(E) ∼ 1
Θ2d2
µlc
E2f
(
Ef
E
)m
, (1)
where Ef is the fragmentation energy of the particles
produced in the decay process, d is the distance from the
cusp at which an observer would receive such a number
density of photons and Θ is the beaming angle. We take
Ef to be on the order of the symmetry breaking scale
associated with the formation of the cosmic string, i.e.
Ef ∼ η. µ is the mass per unit length of the string, and
2scales as µ ∼ η2. The beaming angle is given by [7]
Θ ∼ 1
ln(Ef/GeV)
. (2)
We now follow the same procedure as [11]. The flux of
particles is defined by
S =
∫ E
0
dE′ (N(E′)E′)
∼ µlc
(2 −m)Θ2d2
(
Ef
E
)m−2
. (3)
Notice that we must have m < 2 in order to have a non-
divergent flux. Assuming, Ef ∼ η for the fragmentation
energy scale, lc ∼ r1/2R1/2 for the cusp length including
relativistic corrections [15], and r ∼ η−1 the width of the
cosmic string, we have
S ∼ (Rη)
−3/2
(2−m)Θ2
(
E
η
)2−m(
R
d
)2
η3. (4)
It is useful to express η in terms ofmp and t0 (the Planck
mass and present time), which are fixed scales. In gen-
eral, we can write
η ∼ (t0mp) η
t0mp
∼ 1060 1
t0
(Gµ)1/2
∼ 1015GeV, (5)
where in the last line we used Gµ ∼ 10−7, t0 ∼
1042GeV−1. This value for Gµ is the upper bound on the
tension of cosmic strings given by CMB measurements of
the angular power spectrum [17–19]. One can, of course,
choose small values for the string tension as we will do
later.
The energy flux observed is of order S0 ∼
10−48(GeV)3, so we must have
S(E,R, d(R)) = S0. (6)
Using the above relation we can estimate the distance of
the source from the detector
d(R) ∼ R
1/4√
(2−m)S0Θ
(
E
η
) 2−m
2
η3/4. (7)
A. Distance criterion
The distance (7) must be bigger than the expected
distance of a cosmic string from us. That has to be so,
since the expected distance defined by
n(R, t)Rd3R = 1, (8)
where n(R, t) is the number density of strings per unit
of radius, gives the minimum distance at which one can
expect to find at least one cosmic string. It is also the
η
m
∼ 2 3/2 1 1/2
1015 GeV 10
59
(2−m)2
1029 10−1 10−31
1012 GeV 10
50
(2−m)2
1023 10−4 10−31
109 GeV 10
42
(2−m)2
1018 10−8 10−32
TABLE I. Values of R in (GeV)−1 for different η and m.
These values have to be compared to Rmin ∼ γGµt0 for dif-
fering values of η. For η ∼ 1015GeV, Rmin ∼ 10
36GeV−1;
for η ∼ 1012GeV, Rmin ∼ 10
31GeV−1 and for η ∼ 109GeV,
Rmin ∼ 10
25GeV−1.
expected mean separation distance of a string loop in a
string loop distribution [11]. Using the number density
n(R, t) = βR−5/2t−2t1/2eq , γGµt < R < teq (9)
obtained from the VOS scale model [20, 21] in a matter
dominated universe1, where β is a constant of order 1,
we get
dR ∼ 10R1/2t1/20 . (10)
The condition dR < d(R) implies
R1/2 <
1× 10−2
t0(2−m)Θ2S0
(
E
η
)2−m
η3/2. (11)
The fast radio burst energy peak is of order E ∼
10−15GeV. For such an E, the values for R at different
m and η are shown in Table I. According to the scaling
model for the distribution of cosmic string loops [20, 21]
the radius, in a matter dominated Universe, lies in the
interval γGµt0 < R < teq . Strings with a radius smaller
than the lower bound decay in less than one Hubble time.
From Table I we see that, considering the same scaling
for the energy as [11], i.e. m = 3/2, Lorentz contrac-
tion implies a smaller radius for the string loop, which
lies outside the allowed region2. The only way to have a
consistent string loop size is if the scaling of the energy
is given by m ∼ 2. A scaling below m = 3/2 makes the
situation even worse. We also compute R for Gµ ∼ 10−12
and for Gµ ∼ 10−18, which implies η ∼ 1012 and η ∼ 109
respectively, to check the impact of string tension on the
radius of the loop. Changing the string tension will also
change the time scale for the emitted radio burst and the
event rate as we will see in the following sections.
1 The number density for a radiation dominated universe is dif-
ferent [11], however we will not consider it here since the signal
from strings closer to us will dominate.
2 In [11], one gets R ∼ 1051(GeV)−1 by considering Gµ ∼ 10−7,
which would be inside the allowed region.
3η
m
∼ 2 3/2 1
1015 GeV 10
−2
(2−m)
10−17 10−32
1012 GeV 10
−5
(2−m)
10−18 10−32
109 GeV 10
−8
(2−m)
10−20 10−32
TABLE II. Time scale of a burst, in seconds, for different
values of m and η.
B. Time scale
The power of cusp decay is given in [4]
Pc ∼ µlc
R
. (12)
The time scale for a burst can be estimated as the time
taken to go from one ‘side’ of the cusp to the other, i.e.
when two strands of the string at the cusp have moved
apart by a distance more than the string width r. Since
power is energy per unit time, and the string width is
inverse of the energy, the time scale for the cusp decay is
T =
1
Pc r
∼ R1/2r1/2. (13)
This is different to the time scale in [11] by a factor of
(R/r)1/6. Since the radius of the string loop R varies with
the scaling of the energy we will also have different values
for the time scale. These are shown in Table II. FRBs
are observed as millisecond scale pulses at observation
with possibly up to microsecond pulses at emission. To
be consistent with the distance criterion and time scale
of the burst, we must tune m ∼ 2 and choose η of order
1012 GeV or smaller, as one can check from Table I and
Table II. Note that consistency with FRBs data could
set another upper bound for the string tension. From
the numbers analysed here it would be of order Gµ ∼
10−12, which implies an energy scale for the formation of
cosmic strings of η ∼ 1012GeV. Of course a more precise
estimation for the string tension would require a more
detailed study. We continue with our final consistency
check, the event rate.
C. Event rate
The event rate of FRBs is given by
R ∼
∫ t0
γGµt0
dR
(
d3(R)n(R, t0)
1
R
P (R)
)
, (14)
where P (R) is the probability of having a beamed jet of
photons coming from the cusp in the line of sight. Since
we expect one cusp per oscillation, we divide the inte-
grand by R. Assuming P (R) = P0 ∼ Θ as approximately
η
m
∼ 2 3/2 1
1015 GeV 10
12
(2−m)3/2
10−11 10−33
1012 GeV 10
14
(2−m)3/2
10−7 10−27
109 GeV 10
17
(2−m)3/2
10−1 10−19
TABLE III. Number of expected FRBs per year for different
values of m and η.
constant and plugging (9) and (7) into (14), we get
R ∼ P0(γGµ)
−7/4
(2−m)3/2Θ3
β
S
3/2
0
(
E
η
) 3(2−m)
2
η9/4t
−13/4
0 10
−3.
(15)
The values of R, for different values of η and m, are
shown in Table III. Those numbers should be compared
to the estimated number of FRBs per year3, which is of
order 106. We can see that if we tune m in order to get a
distance relation and time scale compatible to the data,
the number of expected FRBs emitted would be much
bigger than the estimated rate. On the other hand, if
the scaling for the energy is of order 3/2 or smaller, the
distance relation and event rate are much smaller than
the consistency checks require. This analysis explicitly
shows that, unfortunately, FRBs cannot be interpreted
as a signature of structureless cosmic strings.
III. WIGGLY STRINGS AND CUSP
FORMATION
In this section we consider a more realistic string where
it could have some small-scale structure by adding wig-
gles to it. Intuitively, the presence of a mass current
could make the situation for FRBs even worse, given that
cusps move at the speed of light and wiggles would pre-
vent their formation. We explicitly show that it is the
case.
A. Equations of motion
We start from the Polyakov version of the wiggly string
action introduced by [22]:
SwP = −M
2
2
∫
d2σ
√
−hhabGAB∂aXA∂bXB (16)
where
GAB =
[
gµν 0
0 ψ2/M2
]
, XA =
[
xµ
φ
]
(17)
3 Although few FRBs have been detected so far, the expected rate
is relevant here.
4and hab is an auxiliary metric, h = det(hij), φ(τ, σ) are
the wiggles, M2 is the Kibble mass scale and ψ is a
normalization constant. This action essentially is a NG
string coupled dynamically to a scalar field, interpretable
as neutral charge carriers (or “mass” currents) [14, 23].
The equation of motion for the above action is obtained
by varying it with respect to XA
hab∂a∂bX
A = 0. (18)
Variation with respect to the auxiliary field hab gives a
set of constraints
Tab = GAB∂aX
A∂bX
B − 1
2
habh
ijGAB∂iX
A∂jX
B = 0.
(19)
B. Constraints and the cusp
We fix world-sheet diffeomorphisms and Weyl invari-
ance by choosing the conformal gauge hij = ηij
4 and the
extra redundancy using the static gauge x0 = τ . With
these choices of gauge, the constraints (19) become
−1 + x˙ · x˙+ x′ · x′ = − ψ
2
M2
(φ˙2 + φ′2), (20)
x˙ · x′ = − ψ
2
2M2
φ˙φ′, (21)
where xµ = (τ,x) and A˙ ≡ ∂τA, A′ ≡ ∂σA for a general
field A. The cusp condition
x˙µx˙µ = 0→ x˙ · x˙ = 1, (22)
while Lorentz contraction sets x′ = 0 [14]. Taking into
account the cusp conditions, both constraints can only
be satisfied at the same time if, and only if
φ˙(τc, σc) = φ
′(τc, σc) = 0. (23)
This condition was also derived in [14], but using a com-
pletely different approach.
The general solution of the equation of motion for φ
have the form
φ(τ, σ) = f(σ − τ) + g(σ + τ). (24)
At the cusp, the constraints require
∂−f(σ−) + ∂+g(σ+) = 0, (25)
and
∂−f(σ−)− ∂+g(σ+) = 0. (26)
where σ± = σ±τ and ∂± = ∂σ±∂τ2 . It implies f(σ−) = c1
and g(σ+) = c2, where c1 and c2 are constants. Note that
this is not a requirement neither from the equation of
4 Here ηij = diag(−1, 1) and c = 1.
motion, nor from the constraints. So demanding a cusp
implies a fine-tuning on the initial conditions. In the
words of [14], formation of cusps in this scenario would
demand a ‘conspiracy’.
On the other hand, the situation for a superconduct-
ing cosmic string can be different. The presence of an
electromagnetic current would add an extra term to the
constraints (20) and (21) making cusp formation more
natural in this set up or act as a source term in the equa-
tions of motion. To explicitly show that in this set up, one
has to generalize the wiggly Polyakov action by including
interactions to the electromagnetic field. We leave this
for a future work. The constraints coming from FRBs
data on superconducting strings parameters, was stud-
ied in [24].
IV. DISCUSSION AND CONCLUSION
We have computed three consistency conditions, to
wit, the distance relation, time scale, and emission rate
that a cosmic string should pass in order to be a solid
candidate as a source of FRBs. We have done so by tak-
ing into account the effect that Lorentz boosts have on
the cusp length and assuming a weaker assumption for
the scaling of the energy. It was shown that even though
it is possible to tune the scaling of the energy decay of
particles to make the distance relation and time scale
compatible with observations, the emission rate is too
high in that case.
A new derivation for the cusp formation condition us-
ing the wiggly version of the Polyakov action was also
provided. It is clear from this condition that the cusp
formation is very unlikely in a string with a finite thick-
ness, demanding a fine tune of the initial conditions. We
also pointed out that, for a superconducting string, the
presence of a charge would weaken the constraint condi-
tion for cusp formation, making it more likely in this set
up.
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